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UTILIZAÇÃO DE RUGOSÍMETRO A LASER E SIMULADOR DE CHUVAS PARA INVESTIGAR 
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Resumo2SUHVHQWHHVWXGRWHYHSRUREMHWLYRDREWHQomRGHPHGLGDVGHUXJRVLGDGHVXSHU¿FLDOGRVRORDWUDYpV
GRUXJRVtPHWURD ODVHUVREGLIHUHQWHV LQWHQVLGDGHVGHFKXYDVVLPXODGDV2XVRGHVWHVHTXLSDPHQWRVUHVXOWDQD
REWHQomRPDLVUiSLGDGHGDGRVHPFDPSRHPDLVSUHFLVDVHPUHODomRDRVUXJRVtPHWURVGHDJXOKD2VGDGRVREWLGRV
IRUDPFRUUHODFLRQDGRVFRPRVSURFHVVRVGHSHUGDGHVRORHiJXDGXUDQWHDHQ[XUUDGDHPGLIHUHQWHVPpWRGRVGH
SUHSDURGRVRORHPSDUFHODVH[SHULPHQWDLVGHHURVmR&RQVWDWRXVHTXHQDVSDUFHODVFRPSUHSDURFRQYHQFLRQDO
DUXJRVLGDGHHDWRUWXRVLGDGHLQÀXHQFLDUDPPDLVRVYROXPHVGHiJXDHVFRDGRVVXSHU¿FLDOPHQWHGRTXHDSHUGD
GHVROR&RQVWDWRXVHKDYHUIRUWHUHODomRHQWUHHVWDVYDULiYHLVQHVWHWLSRGHSUHSDUR2VHTXLSDPHQWRVXWLOL]DGRV
SHUPLWLUDPDREWHQomRGHJUDQGHTXDQWLGDGHGHGDGRVHYLGHQFLDQGRDLPSRUWkQFLDGHVHXXVRHPLQYHVWLJDo}HV
GHFDPSRQDiUHDGHFLrQFLDVGRVROR
Palavras-chaveUXJRVtPHWURDODVHUVLPXODGRUGHFKXYDVSDUFHODVGHHURVmRUXJRVLGDGHGRVRORSHUGDGHVROR
USE OF RUGOSIMETER LASER AND RAINFALL SIMULATOR IN THE INVESTIGATION OF RELA-
TIONS BETWEEN SURFACE SOIL CONDITIONS AND SOIL EROSION
Abstract: 7KHPDLQSXUSRVHRIWKLVSDSHUZDVWRREWDLQPHDVXUHPHQWVRIWKHVRLOVXUIDFHURXJKQHVVE\UXJRVLPHWHU
ODVHUXQGHUGLIIHUHQWLQWHQVLWLHVRIVLPXODWHGUDLQIDOO7KHXVHRIWKLVHTXLSPHQWUHVXOWVLQIDVWHUDQGPRUHDFFXUDWH
GDWDFROOHFWLRQLQWKH¿HOGLIFRPSDUHGWRRWKHUPHWKRGV7KHGDWDZHUHFRUUHODWHGZLWKWKHSURFHVVHVRIVRLOORVV
DQGZDWHUGXULQJWKHÀRRGLQGLIIHUHQWWLOODJHRQH[SHULPHQWDOSORWV,WZDVIRXQGWKDWLQSORWVZLWKFRQYHQWLRQDO
WLOODJHURXJKQHVVDQGWRUWXRVLW\LQÀXHQFHGPRUHYROXPHVRIZDWHUGUDLQHGVXSHU¿FLDOO\WKDQWKHVRLOORVV,WIRXQG
WKHUHLVDVWURQJUHODWLRQVKLSEHWZHHQWKHVHYDULDEOHVLQWKLVW\SHRISUHSDUDWLRQ7KHHTXLSPHQWVXVHGDOORZHGXV
WRREWDLQODUJHDPRXQWRIGDWDKLJKOLJKWLQJWKHLPSRUWDQFHRILWVXVHLQ¿HOGLQYHVWLJDWLRQVLQVRLOVFLHQFHDUHD
Keywords: UXJRVLPHWHUODVHUUDLQIDOOVLPXODWRUHURVLRQSORWVVRLOURXJKQHVVVRLOORVVHV
1. Introdução
$UXJRVLGDGHSUHVHQWHQDVXSHUItFLHGRVRORSRGHUHWDUGDUDHQ[XUUDGDSHORDUPD]HQDPHQWRWHPSRUiULR
GHiJXDQDVPLFURGHSUHVV}HVGRVRORGLPLQXLUDYHORFLGDGHHRYROXPHGDPHVPDHDLQGDDXPHQWDUDUHWHQomRGH
VHGLPHQWRVHFRQVHTXHQWHPHQWHPLQLPL]DUDVSHUGDVGHVRORSRUHURVmR$//0$5$6HWDO$/9$5(=
02=26
$PDLRULDGRVHVWXGRVTXHDQDOLVDPDUXJRVLGDGHGRVVRORVHVXDVUHODo}HVFRPRVSURFHVVRVHURVLYRV
XWLOL]DPRUXJRVtPHWURGHDJXOKDVTXHHPJHUDOVHEDVHLDQRUHJLVWURIRWRJUi¿FRGHXPFRQMXQWRGHDJXOKDV
TXHDVVHQWDGDVVREUHRVRORUHSUHVHQWDPQDH[WUHPLGDGHVXSHULRURPLFURUHOHYRGRWHUUHQR/,f$5(6	&$6-
752
(PFRPSDUDomRFRPRUXJRVtPHWURDODVHUUHSUHVHQWDXPPpWRGRPHQRVRQHURVRSRUpPPHQRVSUHFLVR
$OpPGLVVRDREWHQomRGHGDGRVGHUXJRVLGDGHRFRUUHQXPDHVFDODPXLWRSHTXHQDHPUHODomRDR³ODVHU´HDLQGD
DVDJXOKDVFDXVDPDGHVWUXLomRGDUXJRVLGDGHGXUDQWHDRSHUDomRGHOHLWXUDGL¿FXOWDQGRPHGLo}HVVXFHVVLYDVHP
XPPHVPRSRQWR
$OJXQVWUDEDOKRVUHODFLRQDGRVDSHUGDVGHVRORHiJXDYrPXWLOL]DQGRDSDUHOKRVTXHVLPXODPFKXYDV
3$1$&+8.,HWDO7$57$5,HWDOFRPRXPDPDQHLUDGHFRQWURODUHDSUHVVDUDREWHQomRGH
GDGRVLPSRUWDQWHVDUHVSHLWRGHSUiWLFDVGHPDQHMRHFRQVHUYDomRGRVROR&RPRXVRGHVLPXODGRUHVGHFKXYD
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YiULRVHYHQWRVGHFKXYDGHGLIHUHQWHVLQWHQVLGDGHVHHQHUJLDFLQpWLFDSRGHPVHUSURGX]LGRVHUHSURGX]LGRVDTXDO-
TXHUWHPSRWRUQDQGRRWUDEDOKRPDLVSUiWLFR
1HVWHFRQWH[WRRREMHWLYRGHVWHHVWXGRIRLDREWHQomRGHPHGLGDVGHUXJRVLGDGHVXSHU¿FLDOGRVRORDWUD-
YpVGRUXJRVtPHWURDODVHUVREGLIHUHQWHVLQWHQVLGDGHVGHFKXYDVVLPXODGDVHVXDVUHODo}HVFRPRVSURFHVVRVGH
SHUGDGHVRORHiJXDGXUDQWHDHQ[XUUDGDHPGLIHUHQWHVPpWRGRVGHSUHSDURGRVROR
2. Materiais e Métodos
2.1 Localização do experimento
2WUDEDOKRIRLGHVHQYROYLGRHPFDPSRQDiUHDH[SHULPHQWDOGD(0%5$3$3HFXiULD6XGHVWH)D]HQGD
&DQFKLPFRRUGHQDGDV870QRPXQLFtSLRGH6mR&DUORV632VRORQRORFDOGRH[SHULPHQWR
pFRQVWLWXtGRGHXP/DWRVVROR9HUPHOKR$PDUHORÈOLFR$PRGHUDGRWH[WXUDPpGLDHGHFOLYLGDGHGHFXMD
XWLOL]DomRDRORQJRGRVDQRVFRQVLVWLXEDVLFDPHQWHHPH[SHULPHQWRVGHSODQWLRGHDYHLDFRPVHPHDGXUDGLUHWD
2.2. Delineamento experimental
$iUHDH[SHULPHQWDOIRLGHOLQHDGDFRPDLPSODQWDomRGHSDUFHODVFRPGLPHQV}HVGHPGHODUJXUD
SRUPGHFRPSULPHQWRSDUDOHODVDRGHFOLYH&DGDSDUFHODIRLGHOLPLWDGDQDVH[WUHPLGDGHVSRUSODFDVGH
FRPSHQVDGRQDYDOGHPGHODUJXUDFUDYDGDVPQRVROR1DH[WUHPLGDGHLQIHULRUIRLGHL[DGRXPRULItFLR
DRTXDOIRLDFRSODGRXPWXERGH39&TXHFRQGX]LXDHQ[XUUDGDDWpXPDFDL[DFROHWRUDFRPFDSDFLGDGHGHP
)RUDPXWLOL]DGRVGRLVWUDWDPHQWRVFRPWUrVUHSHWLo}HVWUrVSDUFHODVFRPVRORVXEPHWLGRDRSUHSDURFRQYHQFLRQDO
DUDomRGXDVJUDGDJHQVHWUrVSDUFHODVPDQWLGDVFRPVRORVHPSUHSDUR
$SDUHOKRVLPXODGRUGHFKXYDV
)RUDPDSOLFDGDVFKXYDVVLPXODGDVFRPXWLOL]DomRGHXPVLPXODGRUGHFKXYDVGHEUDoRVURWDWLYRV/20-
%$5',1(72HWDORTXDOFREULDGXDVSDUFHODV VLPXOWDQHDPHQWH )LJXUDD7DODSDUHOKRSRVVXL
ELFRVGLVWULEXtGRVGHIRUPDKHOLFRLGDOHPEUDoRVFRPFRPSULPHQWRGHPFDGDXPIRUPDQGRXPDHVSLUDO
FRQFrQWULFD'XUDQWHDFRQGXomRGRH[SHULPHQWRRVLPXODGRURSHURXFRPELFRVDEHUWRVSDUDSURGX]LUFKXYDV
FRPLQWHQVLGDGHSODQHMDGDGHPPKHELFRVDEHUWRVSDUDFKXYDVFRPLQWHQVLGDGHGHPPK)RUDP
UHDOL]DGDVWUrVDSOLFDo}HVVXFHVVLYDVGHFKXYDVVLPXODGDVFRPLQWHUYDORVGHKRUDVHQWUHHODVFRPDVVHJXLQWHV
LQWHQVLGDGHVDFKXYDFRPPPKDFKXYDFRPPPKHDFKXYDFRPPPK$VFKXYDVGHPPK
WLYHUDPWHPSRGHGXUDomRGHPLQXWRVHDVFKXYDVGHPPKPLQXWRV
2.4. Rugosímetro a laser
3DUDHIHWXDUDOHLWXUDGDVXSHUItFLHGRVRORIRLXWLOL]DGRXPUXJRVtPHWURDODVHU)LJXUDEDFRSODGRD
XPFRPSXWDGRUSRUWiWLOSDUDUHJLVWURDXWRPiWLFRGDVOHLWXUDV'(0$5,$HWDO(VWHHTXLSDPHQWRFREUH
XPDiUHDGHPðHGHWHUPLQDDYDULDomRGHDOWXUDVGHGDGRVSRQWXDLVHVSDoDGRVDFDGDFPUHVXOWDQGRHP
SRQWRVGHOHLWXUD
$UXJRVLGDGHGRVRORIRLDYDOLDGDLPHGLDWDPHQWHDSyVRSUHSDURGRVRORLQFOXVLYHQDVSDUFHODVVHPSUH-
SDURHDSyVFDGDHYHQWRGHFKXYDVLPXODGD7RGDVDVSDUFHODVIRUDPPDQWLGDVVHPFREHUWXUDSRUSODQWDVSDOKD
RXUHVtGXRV
D     E
)LJXUDD$SDUHOKRVLPXODGRUGHFKXYDVGHEUDoRVURWDWLYRVHEUXJRVtPHWURDODVHULQVWDODGRHPXPD
GDVSDUFHODVH[SHULPHQWDLV
2tQGLFHGHUXJRVLGDGH55VXSHU¿FLDOGRVRORIRLFDOFXODGRSHORPpWRGRSURSRVWRSRU$//0$5$6HW
DOPRGL¿FDGRSRU&855(1&(	/29(/<&RPRVPHVPRVGDGRVGDVOHLWXUDVFDOFXORXVHR
tQGLFHGHWRUWXRVLGDGH7FRQIRUPHSURSRVWRSRU%2,1)),1
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2.5. Determinação das perdas de água e solo
3DUDDGHWHUPLQDomRGRYROXPHGHiJXDHVFRDGDVXSHU¿FLDOPHQWHHGDSHUGDGHVRORIRUDPFROHWDGDVDV
HQ[XUUDGDVHPFDGDSDUFHODDSyVFDGDHYHQWRGHFKXYDVLPXODGD(PODERUDWyULRSURFHGHXVHDGHWHUPLQDomRGR
YROXPHGHiJXDHSRVWHULRUPHQWHGDFRQFHQWUDomRGHVHGLPHQWRVJ/DWUDYpVGRPpWRGRGHHYDSRUDomR
3. Resultados e Discussão
(IHLWRGDFKXYDVREUHDUXJRVLGDGHHWRUWXRVLGDGHGRVROR
$LQWHQVLGDGHGDVFKXYDVVLPXODGDVLQÀXHQFLRXRVYDORUHVGHUXJRVLGDGHVXSHU¿FLDOFRPWHQGrQFLDGH
GLPLQXLomRGRVYDORUHVHPVRORVHPSUHSDURFRQIRUPHWDPEpPREVHUYDGRSRU%HUWROHWDO1DVSDUFHODV
FRPSUHSDURFRQVWDWRXVHXPSHTXHQRDXPHQWRGH55DR¿QDOGDFKXYDGHPDLRULQWHQVLGDGHHPUHODomRjFKXYD
DQWHULRU
3RGHVH LQIHULUTXHFKXYDVGHPDLRU LQWHQVLGDGHVREUHVRORPRELOL]DGRSHORSUHSDURHVHPFREHUWXUD
RFDVLRQDPRVXOFDPHQWRGDVXSHUItFLHWUDGX]LGDVHPDXPHQWRGDUXJRVLGDGH
&RQVLGHUDQGRREDL[RYROXPHGHFKXYDVDSOLFDGDVQRSUHVHQWHH[SHULPHQWRDFUHGLWDVHTXHDWHQGrQFLD
DRGHFDLPHQWRGRVYDORUHVGHUXJRVLGDGHVHFRQ¿UPDULDDRORQJRGHGHPDLVFKXYDVVXFHVVLYDVFRPRFRQVWDWDGR
SRU(OW]	1RUWRQH%HUWROHWDOTXHXWLOL]DUDPYROXPHVGHFKXYDDWpYH]HVVXSHULRU
$WRUWXRVLGDGH7GRVRORGLPLQXLXHPIXQomRGDLQWHQVLGDGHGDVFKXYDVFRQFRUGDQGRFRPRVUHVXOWD-
GRVREWLGRVSRU9LGDO9DVTXH]H%HUWROHWDO2VYDORUHVGH7IRUDPUHGX]LGRVHPGHFRUUrQFLDGD
SULPHLUDFKXYDQRVGRLVWUDWDPHQWRV2VYDORUHVGH55H7VmRDSUHVHQWDGRVQD7DEHOD
7DEHOD9DORUHVPpGLRVGH557SHUGDGHVRORHSHUGDGHiJXDDRORQJRGRVHYHQWRVGHFKXYDVLPXODGD
LQWHQVLGDGHPPKPPKHPPK
&KXYD 55 7 3HUGDGH6RORJ/ 3HUGDGHÈJXD/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Fonte: Bramorski, (2007) e Bramorski et al., (2012).
 A Figura 2 apresenta o microrrelevo do solo antes das chuvas simuladas e após a última 
chuva, nos dois tipos de preparo.
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)LJXUDD0LFURUUHOHYRGRVRORVHPSUHSDURFRPPPGHSUHFLSLWDomRHEDSyVDVFKXYDVVLPXODGDV
DFXPXODGRGHPPFVRORFRPSUHSDURFRQYHQFLRQDOFRPPPGHSUHFLSLWDomRHGDSyVDVFKXYDV
VLPXODGDVDFXPXODGRGHPP
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3.2. Relações entre rugosidade, tortuosidade, enxurrada e perda de solo por erosão
(PVRORVHPSUHSDURFRQVWDWRXVHTXHFRPRDXPHQWRGD UXJRVLGDGHGRVRORDSyVDSULPHLUDFKXYD
KRXYHGLPLQXLomRQDSHUGDGHVROR$SyVD~OWLPDFKXYDDUXJRVLGDGHGRVRORGLPLQXLXFRQVWDWDQGRVHDVVLPXP
DXPHQWRQDTXDQWLGDGHGHVRORHURGLGD
(PVRORFRPSUHSDURFRQYHQFLRQDOFRPDGLPLQXLomRLQLFLDOGDUXJRVLGDGHFRQWDWRXVHGLPLQXLomRQD
SURGXomRGHVHGLPHQWRV
&RPUHODomRDRVYROXPHVGHiJXDHVFRDGDVXSHU¿FLDOPHQWHHPVRORVHPSUHSDURRDXPHQWRGRYROXPH
HVFRDGRIRLPDLVSURQXQFLDGRDR¿QDOGD~OWLPDFKXYDTXDQGRKRXYHGLPLQXLomRGDUXJRVLGDGH55-iHPVROR
FRPSUHSDURFRQYHQFLRQDORYROXPHGHiJXDHVFRDGRIRLPHQRUQHVWDVLWXDomRTXDQGRKRXYHXPSHTXHQRDX-
PHQWRGDUXJRVLGDGH,VWRpH[SOLFDGRSHODDomRFRPELQDGDGDEDL[DUXJRVLGDGHGRVRORVHPSUHSDURPDLVFRQVR-
OLGDGRUHVXOWDQGRHPEDL[DUHWHQomRHLQ¿OWUDomRGHiJXDUHÀHWLQGRHPPDLRUYROXPHHVFRDGRVXSHU¿FLDOPHQWH
2PHVPRSDGUmRIRLHQFRQWUDGRSRU&DVWURHWDO
4. Conclusões
(PSUHSDURFRQYHQFLRQDODUXJRVLGDGHHDWRUWXRVLGDGHLQÀXHQFLDUDPPDLVRVYROXPHVGHiJXDHVFRDGRV
VXSHU¿FLDOPHQWHGRTXHDSHUGDGHVROR&RQVWDWRXVHKDYHUIRUWHUHODomRHQWUHHVWDVYDULiYHLVQHVWHWLSRGHSUHSD-
UR3RVVLYHOPHQWHHPVRORVHPSUHSDURH[LVWHPRXWUDVYDULiYHLVQmRDQDOLVDGDVQHVWHHVWXGRTXHMXQWDPHQWHFRP
R55H7LQÀXHQFLDPPDLVIRUWHPHQWHDVSHUGDVGHiJXDHVROR
$XWLOL]DomRGRHTXLSDPHQWRVLPXODGRUGHFKXYDVHRUXJRVtPHWURDODVHUSRVVLELOLWDUDPDDTXLVLomRGH
GDGRVGHFDPSRGHIRUPDSUHFLVDUiSLGDHH¿FD]HYLGHQFLDQGRDLPSRUWkQFLDGHVWHVHTXLSDPHQWRVHPHVWXGRVGH
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